Introduction
Sulfonamide inhibitors of the zinc enzyme carbonic anhydrase (CA, EC 4.2.1.1) are widely used pharmacological agents in the treatment of a variety of disorders. [1] [2] [3] [4] They include derivatives such as acetazolamide 1, methazolamide 2, as well as the recently developed thienothiopyran sulfonamides 3 introduced in clinical medicine as successful topical antiglaucoma drugs. It was recently reported by us 4-6 that the metal complexes of sulfonamides [1] [2] [3] behave as very strong CA inhibitors, and their mechanism of action has also been explained as being due to a dual inhibition, by means of sulfonamide anions and metal ions, formed by dissociation of the complexes in dilute solutions during the enzymatic assay. The sulfonamide anions bind thereafter to the catalytically vital Zn(II) ion within the CA active site, whereas cations probably bind in the neighborhood of active site residue His-64 (which acts as a proton shuttle during the catalytic turnover s), disturbing in this way the whole catalytic cycle.
4"7 1,3,4-Thiadiazole-2,5-disulfonamide 4, a compound reported in the classical study of CA inhibitors of Roblin and Clapp, 9 was considered to be a very potent inhibitor, and it constituted the lead for developing important classes of pharmacological agents such as the thiazide saluretics and the high ceiling diuretics.
3, 10 Recently we reinvestigated 11 this compound and showed that it possesses unexpectedly weak CA II inhibitory properties, but we were unable to explain why the previous researchers obtained erroneous data. 9 What is more important is the fact that although a weak inhibitor, 4 was a good lead molecule, since it constituted the starting point for obtaining such widely used drugs as chlorothiazide or furosemide. Synthesis of coordination compounds [5] [6] [7] [8] [9] An amount of 10 mMoles of sulfonamide 4 was converted into the disodium salt, by dissolving in a solution obtained from 20 mMoles of NaOH and 15 mL water. The disodium salt obtained in this way was treated then with a solution of metal salt (MC12 .xH20, where M Co(II), Ni(II), Zn(II), Cd(II) and Cu(II) ), in ethanol, working at molar ratios sulfonamide M(II) of 1:1. The complexes [5] [6] [7] [8] [9] precipitated immediately, were filtered and air dried. Yields were in the range of 50-60%.
Synthesis of coordination compounds 10-14 10 mMoles sulfonamide 4 were suspended in 25 mL of concentrated ammonia solution and stirred energetically till complete dissolution, then 10 mMoles of MC12 (as above) dissolved in a small amount of water were added dropwise. The precipitated complexes were filtered and air dried. Yields were higher than for the previous complexes (70-75%).
Results and Discussion
Two approaches were used for the preparation of complexes containing 1,3,4-thiadiazole-2,5-disulfonamide as ligand, both of which were widely employed before by us 6b,13 and by Borras' 6o,14 group for preparing acetazolamide 1 and methazolamide 2 complexes, some of which were subsequently characterized extensively by spectroscopic and X-ray crystallographic methods. According to our method 6a the coordination compounds of sulfonamides were prepared starting from the sodium salt of the ligand, in aqueous milieu, whereas according to Borras' group they were obtained in the presence of ammonia (or other amines, such as pyridine, ethylenediamine, imidazole, etc), in alcohol as solvent.
14 In such cases, the amines are also coordinated to the metal ions, in addition to the sulfonamide ligands. In the present study, we prepared and characterized both types of derivatives, working with the sodium salt of 4, but also with the ligand in the presence of ammonia, in both cases in a 1:1 molar ratio ligand:metal salt.
The new derivatives prepared in this study, containing 4 In the diffuse reflectance spectra of the Co(II) complexes 5 and 10, an intense band with three maxima, around 8,500; 17,500, and 20,300 cm"1, respectively was evidenced, which is characteristic for this ion in octahedral geometry. 16'17 The two Ni(II) complexes, 6 and 11, present a similar spectrum, again with three maxima, around 9,100-9,500; 15,800-16,000 and 26,300 cm"1, respectively, which is typical for Ni(II) in octahedral surrounding. 18 The 1H-and 13C-NMR spectra of ligand 4 are very simple due to the high symmetry of the molecule. A broad signal at 7.20 ppm due to the SONH2 protons is seen in the 1H-NMR spectrum, and one signal at 162.4 ppm in the 13C-NMR spectrum. 11 For the Zn(II) complexes 8 and 13 no signals were detected around 7 ppm in the proton spectra, whereas in the 13C-NMR spectra the signal was shifted at 169.5 ppm (for 8), and 171.2 ppm (for 13), respectively, possibly due to the neighborhood of the cation. Although few NMR data were published for complexes of sulfonamides, a similar behavior was documented by Casanova for the Zn(II) derivative of sulfathiazole. 20 From the conductimetric data of Table II Complexes [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] prepared in this study were tested for their ability to inhibit carbonic anhydrase ( (human isozyme I and bovine isozyme II were used in these assays). In Table III IC0 values are presented for these compounds, comparatively with the corresponding data of the ligand 4 as well as the standard CA inhibitors, acetazolamide 1 and methazolamide 2. 11 and confirmed here for the other red cell isozyme CA I, 4 has inhibitory properties comparable to those of benzene-1,3-disulfonamide. The other surprising fact is that, in contrast to 4, its metal complexes prepared by us, of the type 5-14, are much stronger CA inhibitors, a characteristic shared with all other complexes of heterocyclic sulfonamides reported in the last period by this group. 1'5 As shown in the introduction, this is due to the dual mechanism of inhibition of such compounds. Activity is dependent on the metal ion present in these compounds, with Cu(II), Cd(II) and Zn(II) derivatives being the most effective, towards both CA isozymes investigated.
In conclusion, this is the first report of metal complexes of a heterocyclic disulfonamide, which possess very strong CA I and CA II inhibitory properties, although the ligand itself, a historically important molecule for the development of diuretic agents, is weakly inhibitory. The new compounds prepared were characterized by standard procedures, and a polymeric structure was proposed for all of them. Unfortunately, due to their poor solubility in usual solvents, no good crystal for X-ray diffraction experiments could be obtained.
